A precipitation experiment was performed with human serum to model aluminosilicate formation in brains of patients with Alzheimer disease. Aluminum and (or) silicate ions were added to serum in a 1:2 molar ratio at pH 7.4. Precipitates formed immediately and were left for 24 h at 37 #{176}C before filtration. Silicate and aluminosilicate formed precipitates with human serum proteins albumin, transfemn, and lgG. In untreated samples, the lgG/ albumin ratio increased slightly compared with the ratio in dried serum. Diethylbarbiturate-washed precipitates had a significantly lower protein content than did untreated ones. The lgG/albumin ratio increased considerably in the sample containing aluminosilicate. We conclude that lgG is the sodium deodecyl sulfate-soluble human protein most firmly bound to the aluminosilicate matrix. From 27A1 magic-angle-spinning nuclear magnetic resonance (MAS NMR), a pronounced peak was found at 52.79 ppm and a minor peak at 0.53 ppm, suggesting that 4-coordinated aluminum predominates and that 6-coordinated aluminum is present in a smaller proportion. The Si MAS NMR spectrum shows a poorly ordered structure. The aluminosilicate formed also contains the cations Na'>K>Ca2>Mg2 and anions Cl >P043. Rather than looking for aluminum toxicity to explain the effects of Alzheimer disease, one should consider that by precipitating such a composite phase, the balance of cations, anions, and proteins in human serum is changing. By performing model chemical experiments in human serum, we try to highlight the possible role of complex aluminosilicates in AD and to stimulate further brain research connected with that matrix.
a significantly lower protein content than did untreated ones. The lgG/albumin ratio increased considerably in the sample containing aluminosilicate. We conclude that lgG is the sodium deodecyl sulfate-soluble human protein most firmly bound to the aluminosilicate matrix. From 27A1 magic-angle-spinning nuclear magnetic resonance (MAS NMR), a pronounced peak was found at 52.79 ppm and a minor peak at 0.53 ppm, suggesting that 4-coordinated aluminum predominates and that 6-coordinated aluminum is present in a smaller proportion. The Si MAS NMR spectrum shows a poorly ordered structure. The aluminosilicate formed also contains the cations Na'>K>Ca2>Mg2 and anions Cl >P043. Rather than looking for aluminum toxicity to explain the effects of Alzheimer disease, one should consider that by precipitating such a composite phase, the balance of cations, anions, and proteins in human serum is changing. For example, the radiation chemistry of aspartic acid is altered in the presence of aluminum hydroxide (7) . Here, we focused on aluminum silicate precipitation in human serum, looking for possible sodium-bearing phases described recently (1) in 0.6 mol/L NaC1 or for more (22) .
An LKB 2117 Multiphor System with constant power supply was used for SDS-PAGE. A homemade gradient mixer was used to prepare the pore-gradient gels. Electrophoresis gels were scanned with an LKB 2202 U!-trascan Laser Densitometer.
Resufts and DiscussIon

Composition of Precipitates and X-Ray Characteristics
Precipitates were analyzed before and after ignition to determine the amount and the composition of inorganic residuals. Sample 0, dried precipitate from unsupplemented human serum, is analyzed as a blank. Prepared samples 1 and 2 are amorphous, containing only traces of NaCl. On ignition, their residuals became microcrystalline, and the phases were identified from the Powder Diffraction File (23) .
The x-ray diffraction pattern of ignited sample 1 shows that it contains as major component sodalite,
Na5Al6Si6OCl2
(no. 37-476), and as minor component )'Na3PO4 (no. 31-1318) from crystalline components (Table 1 is not bound to phosphate as A1PO4. The phosphate group is believed to be a major binding site in biology, as stated by Birchall and Chappsi (27). The binding of inorganic anions to serum transferrin was studied in detail by Harris and Sheldon (25) , who proposed that the anion-binding site physically overlaps the metal-binding site, so that the binding of the anion is in direct competition with metal binding.
Infrared Spectral Characteristics
in the 4000-400 cm1
Region
Figure 1 compares spectrum A (for sample 1) with that for dried human serum (spectrum B, sample 0), and with that for the compound NaA1(OH)4 -(H4SiO4)2, prepared in 0.15 molJL NaCl, without human serum but with identical concentrations of precipitation components as in sample 1 (spectrum C). Because the spectrum for sample 2 is identical to spectrum B, it is omitted from Figure 1 .
Only the main bands in the infrared spectra will be ppm qualitatively described, with use of the conventions of Bellamy (28) and the infrared atlas of Hesse and Sanders (29) . Spectra A and B show some differences. The broad strong band with the minimum at 3295 cm1 for hydrogen-bonded NH groups remains at the same position in spectra A and B. The bands at 2926 and 2853 cm in spectrum A are due to C-H stretching vibrations and are more intense in spectrum A than in B. These bands provide a good indication of the presence of protein. The main difference is an additional sharp peak at 1743 cm in spectrum A, which can be assigned to the CO of the un-ionized carboxyl group. Edsall et a!. (30) found this band in the Raman spectrum at 1740 cm'. When samples 1 and 2 were washed with 5,5-diethylbarbituric acid, the sharp peak at 1742 cm' appeared also in the infrared spectrum of sample 2, at greater intensity than the same peak in sample 1. The 1400 cm' band of the C00 vibration is less intense in spectrum A than in B-an indication that in untreated sample 1 and in barbiturate-washed sample 2, the 
27A1 and Si MAS NMR Spectral Characteristics
Only sample 1 was studied by MAS NMR techniques to get possible information about the coordination in the absence of single-crystal data. The details of the techniques were as described by Mueller et al. (31) for aluminum and by Lippmaa et a!. (32) for silica NMR. Figure 2A shows the 27A1MAS NMR spectrum with a pronounced peak at 52.79 ppm and a minor peak at 0.53 ppm. From this spectrum, we conclude that 4-coordinated aluminum predominates (tetrahedral) and that 6-coordinated aluminum (octahedral) is present in a smaller proportion. Comparison of this result for model compound 1 with the one published by Candy et al. (10) for isolated plaque cores from the brains of two patients with senile dementia of Alzheimer type shows different (Table 1) proportions of 4-and 6-coordinated aluminum.
Note that the signal intensity ratio is not necessarily equivalent to the abundance ratio of Al(4) and Al(6) nuclei in the structure, as reported by Watanabe et al. (33) . The difference between the result of Candy et al. (10) and our experiment probably is due to different (unknown) ratios of Si/Al in the two patients, compared with Si/Al = 2 in our model solution. According to Wilson et al. (34) , the distribution of tetrahedral and octahedral Al strongly depends on the Si/Al ratio, and the proportion found in two patients cannot be generalized. Figure 2B shows the 29Si MAS NMR spectrum of sample 1. Because of the poorly ordered structure, broad resonance is observed, indicating a wide range of other chemical environments.
The maximum of the broad band at -90.54 ppm indicates that most Si nuclei are in the Q3polymerization state; that is, three Si atoms are bound to an Si044 tetrahedron.
An almost identical shift was observed by Lippmaa et al. (32) in the com-
with a double three-ring type of silicon-oxygen tetrahedra.
Large cations such as Na4, K4, and Ca24 found in sample 1 cannot substitute for silicon in the silicate framework. However, aluminum, being a typical small cation, can replace silicon in the lattice, and the line- broadening observed in Figure 2B can be taken to reflect the irregular structure of the layers and thus also of the further coordination spheres around each Q3 (1 Al) silicon atom, caused by the introduction of aluminum into the silicate layer, as observed by Lippmaa et al. (32) in sanidine, K[A1Si3O8]. Thus, for an amorphous solid such as sample 1, the described silicate structure can be considered as only tentative. The spectrum in Figure 2B cannot be compared with a spectrum of an aluminosilicate from senile plaque core discussed by Candy et al. (10) For illustration, selected results of SDS-PAGE for protein determination and corresponding densitometric curves for samples 1 and 2 (from Table 1 ) are presented in Figure 3 .
In samples washed with barbiturate, this heavy frac- and S. Musi from "R. Bo5kovi#{233}" Institute, Zagreb, for recordingthe Fourier-transform infrared spectra.
